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Soils play a large role in the global carbon 
(C) cycle, but soil C stocks and dynamics 
remain highly uncertain. Radiocarbon (14C) 
observations provide critical information on 
the rates of exchange of soil C with the atmo-
sphere and hydrosphere and how those rates 
vary with edaphic (soil- related) factors and 
over a range of time scales. For example, the 
degree to which radio decay has affected 14C 
demonstrates the importance of short- range- 
order minerals for stabilizing organic C on 
millennial time scales in some soils. Time 
series that track the infiltration of “bomb” 14C 
help identify the components of soil C that 
cycle on decadal to centennial time scales. 
Radiocarbon signatures in microbial biomass 
or respiration indicate shifts in substrate use 
that accompany vegetation, nutrient availabil-
ity, or temperature change on even shorter 
time scales. Taken together, such measure-
ments can be used to test and parameterize 
models of soil C dynamics.

A workshop at the Lawrence Berkeley 
National Laboratory was held to initiate 
the construction of a global database of 
14C measurements in soil and other ecosys-
tem compartments such as litter or respired 

C. Although a wealth of such observations 
exist, they are scattered in small data sets 
held by individual researchers and have not 
been assembled or used for multisite analy-
sis, global assessments, or model testing. 
Given the need for global synthesis prod-
ucts to evaluate and develop models of soil 
C across a range of spatial scales, the goal of 
the workshop is to assemble data in a com-
mon format for analysis and provide a con-
tinuing common repository. 

Workshop participants defined a set of 
research questions the database will help 
answer, including, What is the C sequestra-
tion capacity of global soils? Does the age of 
organic matter vary predictably with depth 
across soil types? How do human activities 
modify the dynamics of C in soils, and do 
responses vary with soil type? How impor-
tant is soil mineralogy as a control on C 
cycling over a range of time scales? How 
well do models represent C cycle processes, 
and how can they be improved? 

Functional goals identified for the data-
base include query capabilities; simple mod-
eling tools to help users interpret 14C data 
and assess errors; and the ability to combine 

data with gridded global attributes, such as 
temporally resolved temperature and precip-
itation, net primary production (NPP), and 
gross primary production, and a climate-
based decomposition index. Near-term syn-
thesis goals include analyzing depth profiles 
of 14C across gradients in ecosystem state 
factors (climate, organisms, relief, parent 
material, time, and human influence) and 
soil orders, mapping surface soil 14C values 
on soil temperature and moisture, and com-
paring soil C turnover times to NPP and soil 
C stocks.

Data sets were identified from 18 con-
tributors and six continents, with 14C mea-
surements from soils representing nine soil 
orders, plant, and microbial tissues, and res-
piration fluxes. This first workshop, however, 
emphasized only U.S. contributors. Additional 
observations are sought, especially for other 

regions and different disturbance, experi-
mental treatment, and land-use regimes, to 
expand the database and make it available to 
a wide community of scientists. 

To contribute to the Terrestrial Radio-
carbon Database, please contact Margaret 
Torn (mstorn@lbl.gov). The authors thank 
the National Soil Carbon Network for 
facilitating this workshop and the upcom-
ing session on this topic at the AGU Fall 
Meeting.

—susan trumBore, Max Planck Institute for 
Biogeochemistry, Jena, Germany; E-mail: susan 
. trumbore@ bgc -jena .mpg .de; and margaret torn 
and LyDia smith, Lawrence Berkeley National Labo-
ratory and University of California, Berkeley

Marine surface observations—which 
represent a vital component of the Global 
Climate Observing System—are key to 
understanding global climate, includ-
ing its variability on scales from weeks to 
centuries. Prior to 1970, ships were prac-
tically the only source of observations. 
In the modern era, sensors deployed on 
ships, moored and drifting buoys, aircraft, 
and Earth observation satellites all pro-
vide surface measurements of many dif-
ferent variables. A recent meeting hosted 
by the European Space Agency (ESA) 
brought together 52 members of the in situ 
and satellite communities to address the 
collection, collation, evaluation, distribu-
tion, and application of surface marine 
observations.

The International Comprehensive Ocean-
Atmosphere Data Set (ICOADS) provides in 
situ marine surface data spanning the past 
4 centuries (currently 1662–2011). Meeting 
participants considered how to (1) enhance 
and improve ICOADS; (2) better integrate 
in situ and satellite marine observations, 
particularly in the context of the ESA Cli-
mate Change Initiative; (3) link marine and 
land surface data; (4) develop multidecadal, 
homogeneous gridded data sets for climate 
applications; and (5) characterize data and 
product uncertainty and bias.

One meeting outcome was a 10-year vision 
for the marine climate community, includ-
ing the following three components: (1) an 
international data flow and marine-observ-
ing system that meets the needs of both the 

operational and research climate communi-
ties, (2) an observing system that is assessed 
by establishing requirements to ensure sys-
tem-wide adequacy for a range of users, and 
(3) the capability to underpin climate ser-
vices and a range of scientific applications. 
The vision further requires marine data to be 
accessible, integrated, and discoverable— 
linking different platform types and scientific 
communities— and includes adding value to 
the climate record through data rescue and 
partnerships between international marine 
programs, governmental agencies, universities, 
and the private sector. Capacity building and 
international cooperation are essential to the 
“I” in ICOADS.

Advances in marine climatology require 
the rescue of historical data available only 
in deteriorating paper documents or out-
dated digital media. The meeting recognized 
the past contributions of the National Oce-
anic and Atmospheric Administration’s Cli-
mate Database Modernization Program and 
strongly recommended continuing U.S. and 
international support for data rescue to pro-
vide ongoing resources to image, digitize, 
preserve, and use historical climate data.

The participants recommended develop-
ing a value-added version of ICOADS that 

capitalizes on the marine climate commu-
nity’s decades of work on bias adjustments, 
data quality control, and metadata enhance-
ments. Discussions on meeting future require-
ments considered the need for developing 
ICOADS wave summary products and setting 
priorities for adding additional parameters 
such as salinity, radiation, or radiometric sea 
surface temperature to ICOADS.

Persistent challenges within the marine 
climate community include determining 
the requirements for reference standards 
for marine climate variables. Moreover, 
assessing system requirements for satel-
lite calibration and algorithm develop-
ment along with validating global analysis/
reanalysis products will establish priorities 
for obtaining future marine climate obser-
vations and rescuing historical observa-
tions. Finally, leveraging ongoing data 
homogenization activities from the land 
surface community and developing soft-
ware to streamline satellite-to-in situ and 
model-to-in situ data comparisons will aid 
product development.

—shawn r. smith, Center for Ocean- Atmospheric 
Prediction Studies, Florida State University, 
 Tallahassee; E-mail: smith@coaps.fsu.edu
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